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Mathematical modeling of proliferative immune response initiated by
interactions between classical antigen presenting cells under joint antagonistic IL-
2 and IL-4 signaling

Effects of cytokines IL-2 and IL-4 on T cells proliferation

Human anti-cytokine antibodies are polyclonal autoantibodies (aAbs) mainly of the IgG class and are
either non-neutralizing or neutralizing or both (Schroeder Jr and Cavacini, 2010). Under physiological
conditions, anti-cytokine autoantibodies may potentially play a role in the regulation of biological
activities of cytokines either by neutralizing excessive cytokine production or by prolonging the half-
life of cytokines in circulation by forming cytokine-antibody immune complexes (Fudala et al., 2008).
This potential regulatory function is evidenced by the increase in levels of anti-cytokine autoantibodies
with increasing amounts of cytokines (Cappellano ef al., 2012). Under certain pathological conditions
such as in rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE), these aAbs have been
observed to rise with decrease in clinical symptoms, suggesting that anti-cytokine autoantibodies may
be used as tools to monitor severity or resolution of disease (Graudal et al., 2002;Gupta et al., 2016).

Lymphocyte populations become activated in a specific order during a T cell-dependent immune
response (Andersen et al., 2006). In mice injection with foreign antibodies to IgD, result in the
activation of B cells by the cross-linking of their membrane (Finkelman et al., 1993). IgD precedes the
activation of CD4+T cells (Morris et al., 2000). B cell activation contributes to the subsequent
activation of CD4+T cells by enhancing processing of the anti-IgD antibodies and presentation of the
processed antibody (Ab) to CD4+T cells specific for Ab-derived determinants (Goroff et al.,
1991;Finkelman et al., 1993). It is worth noting that IgD is a monomeric antibody isotype that is
expressed in the plasma membranes of immature B-lymphocytes. It is known that IgD signals for B
cells to be activated in order for them to participate in the immune defense (Petar et al., 2005).

Relying on the in-vivo experiment realized in (Morris et al., 2000) from which we collected data upon
request, the goal of our study is to assess how the concentration of cytokines IL-2 and IL-4 influences
not only their productions through activation of CD4"T cells, but also to evaluate the proliferation of
CD4+T cells in terms of the concentration levels of the cytokine IL-4. We summarize the results of the
study in the following. The description of other materials and methods could be found in (Morris et
al., 2000).

Due to IL-4 enhanced anti-Ig Ab-induced B cell activation, it has been suspected that the suppressive
effect of IL-4 on GaMo-induced Ab responses might result from inhibition of the CD4+T cell response
to GaMo. The goal of the study is to investigate the effects of IL-4C treatment on T cell IL-2Ra (CD25)
and cytokine expression in GaMJd-treated BALB/c mice. Mice sacrificed 4 days after GaMJd injection
show a considerable increase in the percentage of CD4+T cells that express CD25. These effects on
GaMo were suppressed by IL-4 (Figure S5A). Also, GaMJ caused considerable increases in IL-2 gene
expression by 3 days after injection. However, the treatment with IL-4C inhibited GaMé-induced IL-
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2 responses (Figure S5B) which systematically show a reduction of CD4'T cell proliferation levels
since IL-2 is the cytokine growth factor of CD4+T cells (Sveti€ et al., 1991).
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Figure S5: IL-4C inhibits GaMd induction of CD25 expression by CD4+T cells and IL-4C
inhibits gene expressions of IL-2. A) (1) BALB/c mice were left untreated (Untreated). (2) BALB/c
mice were injected with 800 pg of GaMd on day 0 (GaMJ treated). (3) BALB/c mice were injected
with 800 ug of GaMo + IL-4C (5 pg of IL-4 + 30 pg of anti-IL-4 mAb) on day 0 (GaMo + IL-4C
treated). Mice were sacrificed on day 4, and spleen cells were stained with FITC-labeled membrane
Ab (mAb) GK1.5 (anti-CD4) and biotin-labeled mAb 7D4 (anti-CD25) followed by streptavidin-R-
PE. Cells were analyzed by flow microfluorometry. Representative barplots are shown for the
fluorescence of CD25 on CD4+ T cells which present arithmetic means and standard error (SE) for
percentages of CD4+cells that express CD25. B) (1) BALB/c mice were injected with 800 pug of GaMd
on day 0 (GaMJ treated). (2) BALB/c mice were injected with 800 pg of GaMd + IL-4C (5 pg of IL-
4 + 30 pg of anti-IL-4 mAb) on day 0 (GaM + IL-4C treated). Mice were sacrificed 1, 2, 3,4, 5,7, or
10 days after injection, and splenic cytokine gene expression levels were determined by quantitative
RT-PCR. Mice sacrificed on day 1, 2, 7, or 10 days after injection were associated with one experiment,
and mice sacrificed on day 3, 4, or 5 days after injection were associated with another. The arithmetic
means and standard error (SE) of IL-2 gene expression present a high inhibition effect of IL-4 on the
production of IL-2.
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